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Microorganism tolerance to high radioactivity and salinity was discovered in 
the soils deposited from the weathered granite in Bahi Swamp of Dodoma Region, 
Tanzania, which has an area of 125 – 140 km2 and located approximately 50 km 
to the west of Dodoma. This swamp is underlain by layers of black clayey soils 
about 110 m thick. Some of the clay layers have been found to be radioactive due 
to their content of uranium-bearing minerals such as uranyl vanadates; (Ba, 
Pb)(UO2)2V2O8･5(H2O). The β(γ)-ray counts and trace elements were analyzed 
respectively by a scintillation counter and X-ray fluorescence (XRF) spectrometer. 
Salt and black clayey soils showed theirγ-ray radioactivity ranging from 130 to 
200 cpm and contained Sr abundant, and Ga, Rb, Y, and Zr slightly less 
abundant, whereas La, Ce, Th and Ni detected slightly. Besides, their 
mineralogical characteristics were analyzed by using X-ray powder 
diffractometer (XRD), which identified clay minerals such as smectite, mica clay 
minerals and kaolin minerals whereas halite and bischofite in salts. The 
presence of microorganisms was observed with Scanning Electron Microscopy 
(SEM) equipped with Energy Dispersive X-ray Analyzer (EDS), and 
Transmission Electron Microscopy (TEM). Filamentous bacteria were fully 
covered with flakes of clay minerals, which are recognized as kaolinite from its 
hexagonal particles. The clay minerals such as kaolinite, smectite, etc. could 
have functions to alleviate or even absorb the effect of the salinity and the 
radiation. This is the first report revealing high radioactivity of paddy soils and 
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Chapter 1  Introduction 
Natural and artificial high radioactive materials are toxic substances for human 
health. They are widely distributed throughout the hydrosphere, biosphere, and 
lithosphere of the Earth. Paddy soils and salts in uranium mine environments, 
associated with weathered granite, support a wide diversity of microbial life in 
Tanzania. The microbial ecology of environments where uranium mine area 
discharges radioactive elements and heavy metals to the surroundings is poorly 
understood. Here, I describe the features of microorganisms in high 
radioactive-contaminated paddy soils and salt in a uranium mine in Bahi Swamp 
in Dodoma, Tanzania (Fig. 1-1.). The Bahi Swamp indicated high β(γ)-ray level 
at fresh granite, weathered granite, sand, paddy soils and salt. It was understood 
that under such an environment, microorganism thrive actively by adapting 
themselves to the local environment. 
 
Fig. 1-1. Location Map of Bahi Swamp, Dodoma, Tanzania 
 
1-1 Bioremediation and Biodegradation 
Bioremediation and biodegradation are defined as the applications of biological 
agents including bacteria, fungi, and/ or green plants, to remove or neutralize 
pollutants/ contaminants in water and soils. The major players in bioremediation 
and biodegradation are bacteria and other microscopic organisms inhabiting 
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practically everywhere (Martin, 1999). Microbial transformation of pollutants 
generally occurs during the process of their metabolism including growth and 
reproduction. This means that pollutants could provide sources of carbon, which 
becomes basic building blocks of new cell development, and also electron, which 
microorganisms can use as energy (Chapelle, 1993).  
Although the Romans discovered around 600 BC that the waste water was 
cleaned biologically, this theory was not developed and invented as bioremediation 
until 1960’s. Atlas et al. (2011) report that one of the most devastating 
environmental impacts from crude oil spills is the Exxon Valdez spill in 1989 
occurred in Prince William Sound, Alaska, where approximately 38 million US 
gallons (114,000 m3) of crude oil was spilled. In this incident, it was discovered that 
microorganisms were able to consume petroleum hydrocarbons as sources of 
carbon and energy for their growth. Crude oil is composed of many different types 
of hydrocarbons. The polycyclic aromatic hydrocarbons (PAHs), which are a minor 
constituent of crude oils, could be among the most toxic compounds to plants and 
animals. But bacteria can convert PAHs completely to biomass, CO2, and H2O.  
Volatile Organic Compounds (VOCs) such as benzene, trichloroethylene (TCE), 
tetrachloroethylene (PCE), etc. are organic compounds and dangerous to human 
health. Due to improper disposal and management of VOCs at industries, lots of 
cases of VOCs contamination in soils and groundwater have been reported. The 
concentration and toxicity of VOCs are also reduced during biological degradation 
(Pavlostathis et al., 1992).  
It is well documented that heavy metals can be very toxic as they damage nerves, 
liver and bones, and also block functional groups of vital enzymes (Moore, 1990). 
Bacteria, algae and fungi can entrap toxic metals in their cellular structure and 
this process is independent of the biological metabolic cycle known as “biosorption”, 
which have been applied commonly to remove metal ions commonly in mining area. 
It could be less expensive and more suitable than physico-cheminical techniques in 
case of voluminous mining tailings containing complexing organic compounds and 
metals (Malik, 2004). Garriluscu (2004) summarizes that biosorption of toxic 
metals is widely practiced for detoxifying effluents from metal-plating and 
metal-finishing operations, mining and ore processing operations, nuclear power 
generation, etc.  
Mining wastes heavily polluted with radionuclides and other toxic metals 




endure in these extreme conditions. Bacillus sphaericus JG-A12 are able to 
accumulate large amounts of toxic metals such as U, Cu, Pb, Al, and Cd on their 
surface layer of cells (Pollmann et al., 2006) 
 
1-2 Geology in Tanzania  
Tanzania is underlain mainly by Archaean and Proterozoic rocks, mostly 
exhibiting ages of greater than two billion years (>2,000 Ma). The Archaean rocks 
date from 2,500 Ma to 2,800 Ma and form the Tanzania craton, a component of the 
African Plate, one of the largest slabs of continental crust on the Earth. The east 
and southeast limit of the craton is marked by the Lower to Middle Proterozoic 
Usagaran belt, dated at 2,000 Ma, and by the Late Palaeozoic (900-500 Ma) 
Mozambique collisional belt (Taramaeli et. al., 2015) (Fig. 1-2.). The Archaean of 
Tanzania can be divided into three units; the Dodoman gneisses of central 
Tanzania, the Nyanzian granite-greenstone terrain of the north Tanzania and the 
overlying Kavirondian system of the Lake Victoria region (Schlüter, 1997). 
 
(Q- Quaternary basins, QT- Quaternary Tertiary basins, QTv-Quaternary Tertiary volcanic, QTMz- 
Quaternary Tertiary Mesozoic basins, Tv- Tertiary volcanics, K-A- KaragweAnkolean) 






Tanzania has a wide variety of rocks that can be extracted as dimension and cut 
include granites, gneisses, marbles, travertine and anyolite. Potential granite 
deposits are underlain in the Tanzanian Craton and in the USbendian Supergroup 
in southern Tanzania. They occur in regions of Dodoma, Mbeya, Morogoro, 
Mwanza, Singida and Tabora (Kanza, 1999). The granites encompass a variety of 
colors including pink, gray and black. They are generally fine to coarse grained.  
It is well known that granite like any other rock has the potential of natural 
radiation. Natural radioactive elements like U, Ra, Th can be present in a large 
number of minerals that appear as crystals in granite, particularly K-feldspar in 
Tanzania. So, it is not unusual for materials such as granite to have some amount 
of radioactivity (emissions of α‐ , β‐ , andγ‐ rays). Depending on the 
composition of the molten rock from which they formed, some pieces of granite can 
exhibit more radioactivity than others in Dodoma, Tanzania. The process of 
weathering of Precambrian granite formed accumulation of radioactive 
elements-bearing materials. This process continues even in the present time with 
the precipitation of K-feldspar, Mn, Fe, U ores from weathered granite with ground 
waters (Bianconi, 1987). 
At present, certain radioactive elements in granite decay yet into radon, a 
colorless, odorless, radioactive gas which may be released from the granite over 
time. The decay of 238U (a radioactive element) produces 222Rn gas: However, since 
granite is generally not very porous, less radon is likely to escape from it than from 
a more porous stone such as sandstone (Appleton et al., 2007).  It’s important to 
know that radon originating in the soils beneath homes is a more common problem 
and a far larger public health risk than radon from a granite countertop or other 
building materials. 
 
1-3 Geology of Bahi Swamp of Dodoma  
The geology of Bahi Swamp is characterized with Late Archean rocks of the 
Tanzanian shield (2,550 Ma) in which biotite granites associated with 
metasediments (migmatites, gneisses, quartzites, amphibolites) and metavolcanics 
of the Nyanzian System predominantly are developed (Bianconi et al., 1984). 
In the middle of the swamp there is a large playa lake which falls dry every few 
years. The swamp is underlain by layers of clays and sandy clays about 110 m 




content of uranium-bearing minerals. Bianconi et al. (1984) concluded that there 
were mainly three types of surficial uranium occurrences in Bahi Swamp, 
mineralized calcareous valley-fill sediments (U3O8: Max 0.24 %), mineralized 
mbunga sediments (U3O8: 12-75 ppm), mineralized sheet calcretes (U3O8: 75-470 
ppm) respectively, in which three uranium minerals, namely carnotite: 
K2(UO2)2(VO4)2･3H2O, metatyuyamunite: Ca(UO2)2(VO4)2･3H2O, betauranophane: 
Ca[(UO2)SiO3(OH)]2•(H2O) exist mainly (Fig. 1-3.).  
 
Fig. 1-3. Diagrammatic section showing three types of surficial uranium deposits 
in Bahi Swamp, Dodoma, Tanzania (After Bianconi and Borshoff, 1984) 
 
Kimaro et al. (2015) collected soil samples from the northern including Kisalalo 
uranium deposit, central and southern zones of Bahi Swamp and measured 
radioactivity levels of 226Ra, 232Th and 40K. They revealed that the radioactivity 
level of 226Ra, 232Th and 40K in the northern zone had the highest respectively with 
37.3±0.7, 51.1±0.9, and 874±9.0 Bq/kg.  
At Ikasi village to the south of Bahi Swamp, brines were found underneath the 
sediment strata and in shallower wells (1-3 m from surface). All the brines showed 
a highly variable chemical composition containing from 3 to 12 vol.% total solutes 
and various salts of sodium, magnesium, and calcium (Yerkin, 2013). 
The annual volume of brines available at Ikasi was estimated as 365,000 m3, not 
including any replenishment. Replenishment involves the leaching of surface 
sediments, and brine of magmatic origin presumably underlying the swamp. Two 
other small occurrences of sodium salts other than sodium chloride have been 





1-4 Surface of deposits at Bahi swamp 
Extensive portions of the land surface underlain by Precambrian rocks of granite 
have been exposed to weathering for tens of millions of years in Bahi. The Tertiary/ 
Quaternary geologic development in Bahi Swamp has begun in Early Tertiary with 
lateritic weathering and peneplanation (Bianconi et al., 1984).  
The resultant ferricretes (laterites), silcretes (“cement”), and argillic layers are 
great importance for the way they concentrate or lose metals. Some ores 
concentrate by residual enrichment or by secondary deposition, or by both. One of 
examples is discussed in the sections on uranium opportunity at 500 - 700 m depth 
in Bahi Swamp. The process is important in the concentration of high radioactive 
materials in paddy soils, drinking water, and salt around weathered granites 
(Monburi et al., 2009; Bianconi et al., 1984). Major uranium deposition within or 
near Bahi Swamp has been discovered in mineralized mbunga sediments, which 
have depths of approximately 102 m in Bahi Swamp and 90 m in Makutapora. 
Spotty uranium mineralization has been found in mineralized sheet calcretes 
formed just above weathered granites, which could largely influence the regional 
airborne radiometric anomalies (Bell et al., 1981, Fawley, 1956, Bianconi et al., 
1984).  
The plenty of fresh water precipitated during the rainy season from December to 
April enabled them to grow various crops throughout the rainy season in Bahi 
Swamp area where produces plenty of rice, maize, and vegetables. Many rivers and 
ponds flow only during the rainy season, making it difficult for granite sands to 
grow vegetables and short-term ripening food crops. During the rainy season, the 
heavy metals in weathered granite are washed into rivers and swamps thereby 
polluting and accumulating in the soils, and ground water (Monburi et al., 2009; 
Deocampo, 2005). 
 
1-5 Groundwater of Bahi Swamp  
Shindo (2008) explains that Bahi swamp is formed at the southwestern part of 
Mukutupora basin. It receives the recharge into aquifers mainly from Chenere 
hills and their surroundings of the northeastern part of the basin. The deep water 
in eastern part of the basin and Hombolo and Veyula areas were supplied water 
from the hills through fractured system.  




slowly from the overlaying shallow aquifers in the slope zones associated with 
faults along the margins of the upland areas or at the foothills and the hydraulic 
gradient in the basin was very gentle and the groundwater flow direction was from 
northeast to southwest (Hamza, 1993; Rwebugisa, 2008). 
 
1-6 Climate at Bahi Swamp 
According to the annual report (2008) of water resources management in Wami/ 
Ruvu basin (Wami/ Ruvu basin office, Ministry of Water), the climate of Dodoma 
region is categorized as the semi-arid with a rainy season extending generally from 
October to April. Mean annual rainfall around Bahi Swamp is approximately 590 
mm. It appears that Farkwa, which is a ward in Kondoa district, located 100 km 
north from Dodoma and at higher altitude, has slightly higher rainfall than Bahi 
Swamp (Fig. 1-4.). Potential evapotranspiration (determined by the method of 
Penman-Monteith) is approximately 1620 mm annually and mean monthly values 
exceed mean monthly rainfall throughout the year (Fig. 1-4.). However, the rainfall 
pattern is irregular with significant variation from one year to the next and often 
several concurrent years with below average rainfall (Fig. 1-5.).  
 
Fig. 1-4. Mean monthly rainfall in Bahi and Farkwa, and potential evaporation in 
Bahi, Dodoma, Tanzania  






Fig. 1-5. Annual precipitation from 1980 in Bahi Swamp, Dodoma, Tanzania 
(Data Source: Wami Rubu Basin Office, Ministry of Water, Tanzania, 2008) 
 
1-7 Purpose of this study 
Ministry of Water of Tanzania reports that by June 2014, the access rate to clean 
and safe water in rural areas of Tanzania has increased to 51% of rural population, 
which is equivalent to 19.4 million (Tanzania National Bureau of Statistics, 2012). 
This means that nearly half of rural population depend on the traditional water 
sources including dug well, river stream, seasonal ponds etc. without any 
treatment facility. On the other hand, the situation of water supply in the vicinity 
of Bahi Swamp is worse than that of National level. It was revealed based on the 
computation using National Census (2012) data and Water Point Mapping 
(wpm.maji.go.tz) that approximately 67% of those who live for agriculture, fishing, 
etc. around Bahi Swamp have no access to protected water sources with a certain 
water quality allowable to Tanzanian standard.  
The occurrence of uranium deposits in and around Bahi Swamp has been 
reported widely. But no effective countermeasure and consideration has been 
introduced by authorities responsible for protecting life and health of habitants 
surrounding Bahi Swamp. Legal and Human Rights Center of Dar es Salaam 
(2014) reports that a group of farmers expressed their concerns on the impacts 
from the occurrence of surficial uranium deposit because they got some skin and 
eye irritations during working in fields around Bahi Swamp. Moreover, Dr. 
Monburi of Geological Survey of Tanzania indicates high possibility of health 
impacts from consumption of locally produced agricultural products (rice, fish, 






Bahi Swamp (Monburi et al., 2009).  
As summarized in the previous sections, due to the occurrence of uranium 
deposit and mineral leaching from weathered granites, the radioactivity in the 
ambient air around Bahi Swamp shows rather higher than other parts of Tanzania 
and aquifers of groundwater in Bahi Swamp contain high concentration of Na, K, 
Cl, etc. as major elements of salts. In order to strategize and develop future 
measures for solve or mitigate negative impacts from radioactive substances and 
other minerals present around Bahi Swamp, the application of bioremediation 
could be one of potential approaches, which need to be economically and 
scientifically relevant. However, there is no such report on the ecology of 
microorganisms indigenously to Bahi Swamp.  
Therefore, the ecology of microorganisms in farming fields (paddy soil) 
associated with clay minerals under high radioactivity and high salt concentration 
shall be examined and discussed in this study: Interaction of Radioactive 





Chapter 2  Characteristics of radioactive paddy soils, salts and 
microorganisms in Bahi swamp, Dodoma region, 
Tanzania 
2-1 Materials and methods of the study 
2-1-1 β(γ)‐ray measurement 
Theβ (γ )‐ray measurements were carried out more than 200 places for 
checking radioactivity of weathered Precambrian granite and soils in Tanzania on 
March 2011. Radioactivity was measured by hand-born and car-born methods at 
the height of 1m from the ground, using a Geiger counter (β radiation) (ALOKA 
Company TGS-136) (Count Rate min-1), and the radio activities of air, water, rocks, 
sands, paddy soils and salts between Dodoma Town and Bahi were measured in 
the field. Handheld GPS (Garmin eTrex) was used for checking coordinates of 
localities when we measured the radio activities.  
 
2-1-2 Samples and materials 
The fresh and weathered granite, paddy soils, and ground water about 4 - 12 m 
in depth were collected at nine locations, in December 2010, from Bahi Swamp 
with an area of 950 km2 located approximately 35 km to the west of Dodoma, 
Makutupora well field and Dodoma Town (Fig. 2-1.). In this study, salts and paddy 





Fig. 2-1. Sampling Location Map, Bahi Swamp, Dodoma, Tanzania 
 
During the rainy season, surface sediments were wet in Bahi Swamp thereby 
polluting and accumulating radioactive materials by sediments underneath of the 
lake bottom, because of the uranium mine under lower layers in this region. The 
mineral salt occurs on the top of sedimentary deposit in the swamp during the dry 
season in Bahi. Local farmers made small holes to collect salty water from 
underground, boiling brown water in the tin, and refine away to be clean white 
salts. Local farmers have been cultivating this area at the vicinity of uranium mine 
for growing rice and other cash crops. The salt samples were collected from Bahi 


























No. Place Remarks 
1 Makutapora Wells Well field for Dodoma urban water supply 
2 Ngongona Village Well North part of Dodoma city 
3 National Housing 
Corporation (NHC) Tap water 
Center of Dodoma city 
4 Bubu River water North from Bahi town 
5 Iilindi well water  Just alongside of main road 
6 Mpamatwa well Edge of Bahi Swamp 
7 Baji Sokoni well Edge of Bahi Swamp 
8 Bahi town water Center of Bahi town 






Fig. 2-2. The wet swamp area with salty water during rainy season (a), dry season 
(b), and a pit for collecting salty water (c), boiling salty water (d), refinement of salts (e), 








2-1-3 Water quality analysis 
Temperature, pH, Electric Conductivity (EC) and color were checked at sampling 
points directly by using handy analytical equipment while other parameters 
(quantities and etc.) of cation (K, Mn, Zn, Cd, Pb) and anion (Cl) were measured in 
the laboratory of Geological Survey of Tanzania (GST) with Atomic Absorption 
Spectrometer (AAS: Varian, SpectrAA 220FS) and spectrophotometer (HACH, 
DR3900).  
 
2-1-4 Energy disperse X-ray fluorescence (ED-XRF) spectroscopy 
Major elements and trace elements in salt weathered granite, paddy soils, and 
salts in Bahi were determined by ED-XRF analysis using Rigaku Primus II (4KW, 
60KV -150mA) and JEOL JSX-3201 (Rh-Kα) instruments. The major elements 
were analyzed on the operating conditions for an accelerating voltage of 30KV, 7.0 
mm Φ coli meter under vacuumed conditions for 30 sec. whereas the trace 
elements were analyzed an accelerating voltage of 50KV, 7.0 mm Φ coli meter, 
filters of Pb, Cd, and Cr under atmosphere condition for 300 seconds.  
 
2-1-5 X-ray powder Diffract (XRD) analysis 
Mineralogical characteristics of the salt and soils collected from Bahi were 
analyzed using X-ray powder diffractometer (XRD; Rint 2200, Rigaku, Tokyo, 
Japan; Cu-Kα radiation, 40kV, 30mA, scan speed of 2°/min in 2). For the 
identification of clay minerals, powder samples were prepared by spreading 2 mg 
of suspended clays over 2.5cm2 areas on a glass slide for oriented samples. A fine 
mist of Ethylene Glycol (EG) (15% in water) was sprayed on the dry clay fraction to 
measure the changes in the basal spaces of expandable smectite of 14Å and 
hydrated halloysite of 10Å. The oriented samples were heated at 550 ℃ for 2 hours 
to measure the changes in the basal spaces of expandable smectite of 14Å, 
hydrated halloysite of 10Å and kaolin minerals of 7Å. Note that 13.5Å d-spacing 
shifted to 14.5Å for weathered granite, 15Å d-spacing shifted to 17.3Å for paddy 
wet soils, and 14.06Å d-spacing shifted to 17Å for paddy soils, suggesting produced 
expandable swelling rate of smectite 1-2-3Å according to weathering processes 






2-1-6 Scanning Electron Microscope (SEM) equipped with Energy Dispersive 
Spectroscopy (EDS) and Transmission Electron Microscopy (TEM) 
SEM (S-3400N, Hitachi) equipped with EDS (Horiba, Kyoto, Japan) analytical 
technique (SEM-EDS) was applied to study the micro structure and components of 
paddy soils and salts collected from Bahi, Tanzania in 2015. Here I attempted 
SEM-EDS observations and semi-quantitative analyses of both radionuclides and 
stable isotopes, under 15KV accelerating voltage, current 70 - 80 μA, with an 
analytical time of 1000 seconds, and an area of 10 mm × 10 mm on the carbon 
double tape with Pt coating. Note that radionuclides in samples cannot be 
differentiated from stable isotopes in this method. 
TEM (JEOL, JEM-2000EX) was used for morphological observation inside of 
nm-sized bacterial cells in paddy soils and salt as well as electron diffraction 
analysis to identify the mineral phase in and out of bacterial cells.   
 
2-2 Results and discussion of the study 
2-2-1 β(γ)‐ray measurement 
The field work was carried out on 2nd to 13th March, 2011, forβ(γ)‐ray and 
water pH measurements in Tanzania (Fig. 2-3.). The higher β(γ)‐ray more than 
200 cpm detected in Serengeti national park, Conservation area and Bahi, Dodoma. 
These areas were mainly deposited by weathered granitic sediments and soils on 





Fig. 2-3. Geological sampling location and β(γ)‐ray measurements, water pH, 
data in Tanzania. The field work was carried out in 2nd March to 13th March, 
2011. 
 
Theβ(γ)‐ray map at Bahi, Makutupora, and Dodoma Town, the southern part 
of Tanzania, indicated variety distribution with wide rangeβ(γ)‐ray from 100 
cpm to 220 cpm. Very lowβ(γ)‐ray value at Makutupora (<100 cpm) whereas 
quite high value at Bahi (around 200 cpm).  
NE-SW trending faults were developed very well in Dodoma region, and they 
forms graven and step-like structures. It is noted that the graben and horst formed 
by the faults with the direction of NNE-SSW are distributed (Fawley, 1954; JICA, 
2013). Over the remote sensing map, NE and NW direction faults in Manyoni, Bahi, 
and Dodoma areas were identified by field survey carried out in 18th and 23rd 
December 2010, and its result (Fig. 2-4.) indicates relatively high β(γ)‐ray at 
Bahi (around 200 cpm), because of uranium mine under lower layers in this region. 
The map showed not only geological factor, such as fresh granite, weathered 
granite, sands, paddy soils, and salt in Bahi, Dodoma, Tanzania, but also 





Fig. 2-4. β(γ)‐ray content map at Bahi, Makutapora, and Dodoma Town, over the 
remote sensing map, using GPS data, indicating many NE and NW direction faults. 
 
2-2-2 Water quality analysis 
The pH of both tap water and groundwater varies from weak acidic pH = 6.8 to 
alkaline pH = 7.8. Samples of ground water collected in Dodoma city including 
Makutupora, which is a source of urban water supply for local peoples in Dodoma, 
indicated pH 7.0 - 7.5. The water quality from existing water supply facilities 
around Bahi Swamp shows commonly that pH is rather alkaline (pH = 7.7 - 7.8) 
and Electric Conductivity (EC) is higher (7945 - 12435μS/cm), which suggests the 
abundant salts in groundwater, than the vicinity of Bahi Swamp (Kato et al., 2016). 




Table 2-1. Chemical analysis of water in Makutapora, Dodoma Town and Bahi in Tanzania 
Analyzed on 18 December, 2010 
Sample No. Place 
Color 
Temp pH EC Cl K Mn Zn Cd Pb 
Remarks 
Water samples ℃  μS/cm ppm ppm ppm ppm ppm ppm 
1. Makutapora Well no color 27 7.0 ― ― ― ― ― ― ―  # Souce of tap water 
2. Ngongona Village Well no color 27 7.4 798 71.2 12.3 ― 0.09 0.12 0.07  Dodoma Town 
3. NHC Tap water no color 27 7.5 919 160.2 11.9 ― N.D. 0.04 0.08  Dodoma Town 
4. Bubu River water gray 28 6.8 1,655 372.7 13.0 0.05 0.02 0.20 0.05  Bahi 
5. Iilindi well water  gray 28 6.7 1,375 195.3 14.0 0.02 0.06 0.06 0.05  Bahi 
6. Mpamatwa well light brown 28 7.0 2,275 177.5 12.0 0.02 0.03 0.07 0.09  Bahi 
7. Baji Sokoni well light brown 27 7.8 7,945 106.5 30.0 N.D. N.D. 0.07 0.07  Bahi 
8. Bahi town water no color 28 7.7 12,435 479.3 9.0 0.03 N.D. 0.07 0.14  Bahi 
9. Ibihwa well brown 28 7.1 5,975 213.0 15.0 0.1 0.08 0.06 0.11  Bahi 
N.D.: Not Detected,  






2-2-3 ED-XRF spectroscopy 
X-ray Fluorescence Chemical Analysis of paddy soils and lake sediments in Bahi, 
Tanzania on 12th July, 2016 showed in Table 2-2. Paddy soils are rich in Si (27.4 
mass%), Al (7.02 mass%), and K (2.06 mass%) associated with Cl (3.20 mass%), Sr 
(0.0141 mass%), Rb (0.0125 mass%), and Zr (0.0123 mass%). On the other hand the 
lake sediments contain abundant Na (17.2 mass%), Mg (2.99 mass%), Ca (1.83 
mass%), S (6.00 mass%), Cl (8.74 mass%), Sr (0.00664 mass%), Rb (0.0073 mass%) 
without Zr (N.D.), suggesting radioactive paddy soils and lake sediments in Bahi.  
Trace elements in salt, paddy soils, and weathered granite in Bahi indicate 
abundant Br and Sr in salt whereas paddy soils and weathered granite contained 
Rb (131 - 173 mg/kg), Sr (113 - 136 mg/kg) and Zr (136 - 539 mg/kg) associated with 
various elements of V, Cu, Zn, Ga, and Y, suggesting transformation process of high 
concentration of Sr to salt from paddy soils and weathered granite (Table 2-3.). 
Trace elements in salt, paddy soils, and weathered granite in Bahi, Tanzania, 
indicating γ‐ray counts (cpm), indicating higher γ‐ray of paddy soils (160 – 
200 cpm) and weathered granite (160 – 180 cpm) compare with salt (130 – 150 





Table 2-2. XRF analyses of paddy soils and lake sediment at Bahi in Tanzania 








O 50.1  0.22353  44.7  0.21278 
Si 27.4  0.00799  8.30  0.00478 
Al 7.02  0.00711  4.19  0.0065 
Na 3.81  0.01654  17.2  0.02691 
Cl 3.20  0.00868  8.74  0.01405 
C 2.70  0.07989  3.85  0.09627 
K 2.06  0.00531  0.7300  0.00354 
Fe 1.32  0.00179  1.17  0.00208 
Mg 0.7520  0.00994  2.99  0.01253 
Ca 0.6580  0.00258  1.83  0.00326 
S  0.5130  0.00157  6.00  0.00347 
Ti 0.1840  0.0051  0.1230  0.0046 
W 0.1520  0.00297  N.D.  N.D. 
Ba 0.0553  0.01991  N.D.  N.D. 
Mn 0.0544  0.00195  0.0376  0.0019 
Co 0.0221  0.00153  N.D.  N.D. 
Br 0.0165  0.00071  0.0317  0.00068 
P 0.0154  0.00112  0.0290  0.00123 
Sr 0.0141  0.00061  0.0066  0.00061 
Rb 0.0125  0.00346  0.0073  0.00338 
Zr 0.0123  0.00323  N.D.  N.D. 
Cr 0.0078  0.00229  0.0047  0.00214 
Pt 0.0040  0.00229  N.D.  N.D. 
Ni 0.0027  0.0012  0.0019  0.00112 
Cu 0.0020  0.001  0.0014  0.00097 
Ga 0.0017  0.00088  0.0010  0.00086 
Zn 0.0015  0.00096  0.0020  0.00088 
As 0.0011  0.0008  0.0009  0.0008 
Sn N.D.   N.D.   0.0055   0.0022 
Total 100.0924       99.95264     





Table 2-3. Trace elements in salt, paddy soils, and weathered granite in Bahi (mg/kg) 




Cd Pb  Cr As Se Hg V Cu Zn Ga Rb Sr Y Zr Ag Sn La Ce Th Ni 
Salt 130-150 ND ND ND ND ND ND ND tr. ND ND ND abund. ND ND ND ND ND ND ND ND 
Paddy soils 160-200 ND 21 120 ND ND ND 160 40 94 26 173 118 29 136 ND ND tr. tr. tr. tr. 
Paddy wet soils 120-130 ND 31 34 ND ND ND 62 22 67 18 140 136 21 539 ND 16 tr. tr. tr. tr. 
Weathered granite 160-180 ND 19 70 ND ND ND 92 37 69 23 131 113 130 373 ND 15 tr. tr. tr. tr. 

















Br, Rb, Sr, Y, Zr, Pb, Th






2-2-4 XRD analysis 
The results of XRD analyses of black clayey soils from paddy soils and refined 
salts in Bahi are shown in Fig. 2-5 (a) and (b). Note that 14.06Å d-spacing shifted 
to 17 Å for paddy soils using EG treatment, and 17 Å d-spacing shifted to 10.0Å 
for paddy soils after heating treatment at 550℃, suggesting produced expandable 
swelling smectite, kaolinite (7.25Å) and mica clay minerals (10.0Å) derived from 
weathering processes of granite.  
Both minerals of halite [NaCl] and bischofite [MgCl2・6(H2O)] were found in 
purified salt (refined salt) at Bahi paddy field in Tanzania by using high resolution 





Fig. 2-5. X-ray powder diffraction patterns of black clayey soils from paddy field (a) 
and refined salts (b), and high resolution of XRD for refined salt (c) in Bahi, 
Tanzania. 
H : halite  NaCl 


















2-2-5 SEM-EDS and TEM observation 
Scanning Electron Microscopy equipped with Energy Dispersive Spectroscopy 
(SEM-EDS) and Transmission Electron Microscopy (TEM) observation of paddy 
soils and salt in Bahi, Dodoma in Tanzania. 
SEM images of paddy soils (Fig 2-6.) and salts (Fig. 2-7) and TEM images (Fig. 
2-8.) in Bahi show not only clay particles and salt grains, but also microorganisms. 
The salt shows relatively large aggregated grain, about 500μm wide with a 
smooth surface compared with paddy soils of smaller grains with rough surface. 
Filamentous bacteria with 500μm long and 300nm to 10μm wide are very 
commonly can be seen in the paddy soils.  
TEM images are indicated more detail morphology of the filamentous bacteria 
associated with clay particles on/in the cell, such as smectite and kaolinite. Note 
that minute particles of clays covered on the microbial cell surface. Abundant 
intercellular and cell wall of filamentous microorganisms covered by 
microcrystalline smectite and kaolinite has been identified by XRD. The 



















Fig. 2-6. Scanning electron microscopy images (a, b, c, d, e, f) of paddy soils associated 
with filamentous bacteria (an arrow) and soil granules aggregating soil particulates 















Fig. 2-7. Scanning electron microscopy images (a, b, c, d) of salts produced from 








Fig. 2-8. Transmission Electron Microscopy (TEM) images of filamentous bacteria 
covered with minute clay particles (a, b, c) and hexagonal sheet of kaolinite (d, e) in 
Bahi, Dodoma in Tanzania. 
 
TEM micrographs and results of electron diffraction analysis support the 
primary stages of biomineralization involving filamentous bacteria (Fig. 2-9a and 
b). Kaolinite grains (Fig 2-9c) covers all bacteria observed in the radioactive paddy 













kaolinite grains play an important role as a filter for radioactive pollutants and 
salinity. 
 
Fig. 2-9. Transmission Electron Microscopy (TEM) images and results (images) of 
electron diffraction (from red circle areas) analysis on filamentous bacteria covered 
with minute clay particles in paddy soils (a), filamentous bacteria and hexagonal 









2-2-6 SEM-EDS semi-quantitative analyses and elementary content maps of salts 
SEM-EDS semi-quantitative analyses of salts in Bahi were performed on 29th 
March 2016. The analytical results of the bottom of the lake, the paddy soils and 
salts after boiling and washing, are shown in Table 2-4. The point 3 of the bottom 
of lake sediments is shown in Fig. 2-10 (b), points 1 of the paddy soils in Fig. 2-10 
(a), and the point 1 of salts after boiling and washing in Fig. 2-10 (c), respectively. 
These images indicate the distribution patterns of elements such as Na, Mg, Al, Si, 
Ca, Cl, K, and Sr.  
The salts refined from groundwater contain abundant Na and Cl associated with 
Mg. A small amount of Sr and Pb contents (0.51 – 2.25 mass%) is found. The paddy 
soils are rich in Al and Si associated with Na, Mg, Cl, suggesting main components 
are clays. But, the Sr contents (3.80 - 4.10 %) and Pb contents (1.11 - 1.36 mass%) 
are higher than the bottom of lake sediments. It was found that in salts contained 
with Na (8.82 - 42.77 mass%) and Cl (24.87 - 41.26 mass%), Sr (0.51 - 1.41 mass%) 
and Pb (1.42 - 2.25 mass%) still remained even after boiling and washing 
treatments (Table 2-4). The point 1 of the salt sample after boiling and washing is 





Table 2-4. Scanning Electron Microscopy equipped with Energy Dispersive Spectroscopy of soils and salts in Bahi, Tanzania. The 
analytical points 1, 2, and 3 and salt are shown in Fig. 2-9(a), (b), and (c). 
Analyzed on 29th March 2016 
Elements and  Salts Analytical Point 
Spectrum The bottom of a lake The paddy soils After boiling and washing 
   Point 1 Point 2 Point 3 Point 1 Point 2 Point 3 Point 1 Point 2 Point 3 
Na Kai 20.35 42.35 49.51 7.77 5.76 6.16 42.77 8.82 38.72 
Mg Kg. 6.87 1.09 0.79 3.09 2.24 2.33 6.66 22.86 17.24 
Al Kl. 11.71 1.76 1.07 20.02 21.89 17.19 1.16 2.36 3.54 
Si Ki5 25.42 3.57 1.95 45.58 51.22 56.86 0.62 1.41 1.02 
P K.0 N.D. 1.45 1.53 3.50 2.23 2.10 2.26 2.53 5.55 
S K.5 2.59 4.31 16.26 1.95 1.61 1.38 1.88 21.42 3.50 
Cl Kl5 14.62 42.13 25.93 5.26 2.97 4.27 41.26 24.87 26.11 
K K61 1.65 0.24 0.16 1.41 1.91 2.17 0.44 0.39 0.10 
Ca Ka1 2.85 0.30 0.17 0.22 0.42 0.16 0.72 11.39 0.22 
Mn Kn2 N.D. 0.00 N.D. 2.18 N.D. N.D. 0.00 N.D. N.D. 
Fe KeD 2.00 0.32 N.D. 2.21 3.69 2.07 N.D. N.D. N.D. 
As Ls１ N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
Sr Lr１ N.D. 0.67 0.66 4.11 3.80 3.56 0.51 1.41 1.24 
Pb Mb１ 0.64 1.33 1.50 1.36 1.05 1.11 1.42 2.15 2.25 
Total %   88.7 99.52 99.53 98.66 98.79 99.36 99.7 99.61 99.49 
  Zr  L １ 11.01                 
  Dosage 100cpm 150cpm 80cpm 
Content Crystal           Halite and Bischofite (XRD) 






Fig. 2-10. SEM image with elemental content maps of paddy soils (a), bottom of 
lake sediment (b), and refined salts (c) in Bahi, Tanzania, using Scanning Electron 
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Chapter 3  General discussion 
A unique ecosystem composed of microorganisms and clayey sediments is able to 
thrive even in spite of radioactive heavy metal contaminated soils and salt (Tazaki 
et al., 2015; Tazaki, 2015; Mann et al., 1985; Suzuki et al., 2003). 
In this study, it was found that microorganisms could thrive in high salinity and 
radioactive substances at Bahi Swamp where uranium mine underlays in Dodoma, 
Tanzania. The SEM and TEM observation, especially, revealed for the first time 
that radioactive elements were taken up by filamentous microorganisms in paddy 
soils and salts originated from weathered granite. Although no radionuclide was so 
far detected, it was demonstrated by Lovely et al. (1991) that the Fe (III) reducing 
bacteria G. metallireducens and S. oneidensis could selectively utilize and absorb 
radionuclides of U through their metabolism and also suggested the possibility of 
microbial reduction of radionuclides including 230Th, 237Np, etc. Furthermore, 
Shimojima (2016) also revealed that microbial mats formed by mainly iron 
oxidizing bacteria Leptothrix ochracea could have absorbed radionuclides such as 
137Cs and134Cs originated from a nuclear power plant in Fukushima. 
Metal uptake, precipitation and fixation, including absorption by clay minerals 
(smectite and kaolinite), improves the water quality for surrounding organisms. 
Microorganisms are as such involved in heavy metal accumulation and converting 
radioactive elements to clay minerals (Tazaki 2015; Cygan et al., 2014; Mann et al., 
1986b). 
In this chapter, the ecosystem composed of microorganisms and clayey sediments 
for radioactive heavy metal contaminated soils and salt in Bahi region discussed 
precisely. 
 
3-1 Radioactive paddy soils 
Uranium mine environments and mine ground waters support a wide diversity 
of microbial life. The microbial ecology of environments where uranium mine 
waters are polluted with heavy metals and radioactive materials must be 
understood for human health associated with drinking water and even paddy soils 
(Murry et al., 1983). 
Especially, uranium contaminated rice is a very serious problem in Bahi area, 
due to radioactive paddy soils and ground waters (Moburi et al., 2009). Some 
plants, such as rice plant as well as lower plants (fern) on the weathered granite 
and microorganisms in the soils actively accumulate uranium (Tazaki et al., 2003). 
Bioaccumulation of metals by lichens which uptake of aqueous uranium by 
Peltigera membranacea have been reported as a function of time and pH (Hass et 




uranium mine sediment (Suzuki et al., 2003). Uranium series nuclide migration 
and micro structural properties of sedimentary rocks are also strongly related with 
polluted paddy soils in uranium mining area (Yoshida, 1994).  
Most bacteria in paddy soils in the swamp showed thick exopolysaccharides 
(EPSs), and many clay minerals attached onto the surface of EPSs. The clay 
minerals and EPSs might act as protective layers for the bacteria against toxic 
materials. Radioactive-resistant bacteria associated with clay minerals may have a 
significant effect on the weathering processes of granite and uranium ore during 
long-term biomineralization and bioremediation (Tazaki et al., 2007). The clay 
mineral complexes on the surface of bacterial cell walls are a stimulator for 
Sr-resistant bacterial growth in mud paddy swamp contaminated with the heavy 
metals (Tazaki et al., 2015; Tazaki, 2015).  
Heavy metals and radionuclides in paddy soils represent significant ecological 
and human health hazards because the accumulation of these harmful substances 
occurs in rice and other vegetable grown there. Although these substances are 
naturally produced from the weathering of local granites in the catchment of Bahi 
Swamp, it is critical to immobilize these substances in order to prevent or mitigate 
serious health risks. It is because Bahi Swamp is quite well known as one of the 
top three rice producing areas in Tanzania (Yerkin, 2013). At present, the level of 
radionuclide and heavy metal contamination in rice and other vegetables have not 
been studied enough to capture the situation (Monburi et al., 2009). Therefore, in 
order to develop the natural resources as well as economic activities in Bahi 
Swamp by achieving the sustainable human life, the functions of microorganisms 
associated with clay minerals as effective filters have a great importance in the 
necessity of bioremediation processes for reducing the presences of radionuclides 
and heavy metals in paddy soils (Pollmann et al., 2006) 
 
3-2 Radioactive elements in salts 
Tanzania faces to many problems which hinder the use of iodized salts. In 
Tanzania, salt is produced through solar and thermal evaporation methods. Salt 
produced from rift soils contains comparatively small amounts of iodine ranging 
from 5-15 ppm (Monburi et al., 2009). However, only radioactive iodine, which is 
synthesized and released accidentally to the environment, is a significant 
contributor to the health hazard (Bernard, 1998). 
Less use of quality salts is attributed to the lack of appropriate technology and 
skills of salt production, and lack of awareness on salt iodination. Especially, the 
produced salt in Bahi is accompanied by considerable amounts of soluble and 




– 650 ppm and other radioactive substance (30 ppm), sulphates (338 – 459 ppm), 
sodium carbonates (30 – 34 %), NaCl (9 – 19 %), rare earth minerals, clay minerals, 
As (98 – 351ppm), and other contaminants of organic nature (Monburi et al., 2009).  
Radioactive substances are the product of alteration from granitic and 
carbonatite found in the vicinity of rift system which combines with sulphates and 
carbonates or oxidized to form ore minerals of uranium. Examples of these ores are 
uraninite (UO2; the most common uranium ore), carnotite (K2(UO2)2(VO4)2·3H2O), 
autunite(Ca(UO2)2(PO4)2·10-12H2O),uranophane(Ca(UO2)2(SiO3OH)2·5H2O), 
torbernite(Cu(UO2)2(PO4)2·12H2O), and coffinite(U(SiO4)1-x(OH)4x). In the rift 
basins uranium (VI) forms highly soluble carbonate complexes (what mineral) at 
alkaline environments. This leads to an increase in mobility and availability of 
uranium to groundwater, soils and salts. Uranium IV is the most toxic 
bio-available chemical substance to plants, aquatic organisms, animals and human 
being. Radioactivity is a health risk because the energy emitted by radioactive 
materials can damage or kill cells (Zavodska, et al., 2008).  
As mentioned above, the produced salt in Bahi include radioactive elements such 
as Th and U. The proportion of these elements in salts are very small, but should 
not be ignored in consideration with the human health and safe living. 
 
3-3 Microorganisms associated with clays and radioactive elements 
Certain microorganisms, such as anaerobic bacteria, can accumulate heavy 
metals and radionuclides through precipitation and complication on and within the 
cell surface containing hydroxyl and carboxyl groups. Processes involving bacterial 
oxidation-reduction will alter the mobility of heavy metal pollutants in water 
(Lowestam, 1981; Mann, 1983). 
Metal uptake by micro−organisms and retardation of toxic heavy metals 
dispersion from uranium tailing environments, Eliot Lake, Timmins and Sudbury, 
Ontario, Canada have been reported. Concentration factors for Co, Th, U etc. in 
algae are endorsing the role of microorganisms in mediation transfer of metal 
solutes from the hydrosphere to sediments (Mann et al., 1986a). 
Bacterial bio-mineralization in the radioactive Rd and Rn hot springs was 
described by nanometer-resolution observations using electron microscopic 
techniques. The radioactive microbial mats were mainly composed of 
cyanobacteria of Oscillatoria spp. and Phormidium spp. which are associated with 
minerals of ferrihydrite, Mn oxides and calcite (Fujisawa et al., 2007; Tazaki, 2009). 
Filamentous fungi, yeasts, algae, and bacteria have been evaluated for U 
bio-sorption (Lovely, 1995). In this study, filamentous bacteria with minute flakes 




also the results of electron diffraction analysis indicate the primary stage of 
biomineralization on and within the cell of bacteria. The processes of bio-sorption 
reported by Pollmann (2006) and Cygan et al. (2014) strongly support the 
interaction of microorganisms associated with clays and radioactive elements. 
Considering these evidences above, it could be concluded that bacterial cells would 
be able to provide a platform for clay minerals (kaolinite) being attached with the 
layer of extracellular polymeric substances around bacteria. The process of 
bacterial biomineralization with kaolinite, in which the hydroxides are primarily 
formed on and cations bridge the aggregation and interaction of clays with 
microbial cells was examined and reported by Tazaki (2005) and Cygan et al. 
(2014). 
The clay minerals could have functions to alleviate or even absorb the effect of 
the salinity and the radiation. Microorganisms in Bahi Swamp utilize these 
functions of clay minerals effectively to protect themselves from high salinity and 
radioactive substances. The result of TEM observation in this study revealed that 
clay minerals complexes on the surface of bacterial cell walls are the stimulator for 
radioactive metal-resistant bacterial growth in swamp and mud ponds. The state 
of Cs+ ions adsorbed in vermiculite clay has been investigated by means of powder 
X-ray diffraction as reported by Cygan et al. (2014) and high resolution 
transmission electron microscopy. Cs+ ions are incorporated into the interlayers of 
vermiculite by replacing the hydrated Mg2+ ions pre-existing in vermiculite 
(Kogure et al., 2012; Sato et al., 2016). 
 
3-4 Process of bacterial mineralization 
Processes involving bacterial oxidation-reduction will alter the mobility of the 
heavy metal pollutants in water. The interaction between water, microorganisms, 
and radioactive materials on the Earth’s surface is of great importance because 
large amounts of radioactive material could be released by microbial activity 
(Tazaki, 2009; Macfarlane et al., 2007; Stroes-Gascoyne, 2007). Tamagawa Hot 
Springs in Japan are well known for producing Ra, Rn, and radioactive minerals 
such as hokutolite (plumbean barite). Hokutolite has a chemical composition 
characterized as (Ba, Pb) SO4 from the hot spring water. Misasa Hot Springs in 
Tottori Prefecture, Japan which concentration of high radium (Ra) and radon (Rn) 
are very high, especially 226Ra is highly contained in the microbial mats on the 
surface of granite. The microbial mats consist of mainly ferrihydrite compound. 
The living bacteria are encrusted with filamentous Mn minerals. Fine 
extracellular polymers extending away from the cell are covered with Mn minerals 




U-, Ra-, and Rn-biotic interactions could play important roles in radionuclide 
cycling, involving microorganisms in soils, ground water, and organic matter. It is 
possible that the capability of radioactive immobilization can be used to counteract 
the disastrous effects of radionuclide-polluted water and sediments. Caused by Cd 
damage to bones, Itai-Itai diseases have been linked to mining areas in various 
countries (Tazaki et al., 2003; Tazaki, 2009; Tazaki, 2000). 
Mine drainage and soils have compromised the health of surrounding 
communities, and damaged river ecosystems (Legal and Human Rights Center, 
2014). Clarification and optimization of natural metal uptake processes and the 
fate of mine-related elements could hold keys to sustainable remediation methods 
for use in the Bahi mine area. Remediation methods will need to take into account 
not only ways to enhance metal uptake by biological means, but also mineralogical 
processes that could be initiated based on changes in the environment and 







Chapter 4  General conclusion 
Abundant intercellular and cell walls with microcrystalline smectite and 
kaolinite have been identified in filamentous microorganisms recognized fluently 
by SEM-EDS and TEM imagery. The microorganisms thrive in uranium mine 
environments and the groundwater from mines support a wide diversity of 
microbial life. The microbial ecology of environments, where uranium mine 
sediments are deposited in paddy soils and salt, are polluted with heavy metals 
and radioactive substances in Bahi Swamp. Especially, uranium contaminated 
paddy soils and salt could cause very serious problems to groundwater for water 
supply and consequently food chain including rice, maize, fish, and salts which are 
locally produced in Bahi Swamp. This tendency was detected only in black clayey 
soils, though Th and U were common elements in Bahi Swamp. Sr was abundant 
and Rb, Ga, Y, and Zr were slightly less abundant.  
Filamentous bacteria were fully covered with flakes of clay minerals, which are 
recognized as kaolinite from its hexagonal particles, as if they used these clay 
minerals for their armor in order to protect themselves from high salinity and 
radiation. Besides, considering absorption of minerals by clay minerals, 
biosorption of minerals, inclusion of radioactive substances in salts and moreover 
multilateral interaction within this ecology of Bahi Swamp, it was understood that 
radioactive substances and heavy metals have been entrapped biologically and 
physically in the surface soils and salts. This result strongly supports the 
application of bioremediation using native microorganisms in Bahi Swamp for 
conserving and improving the life of inhabitants around Bahi Swamp in a 
sustainable manner. Tazaki et al. (2015) has reported a similar situation where 
paddy fields in Fukushima, Japan were polluted with salts and radioactive 
substances caused after the tsunami (March 11, 2011) and Fukushima Daiichi 
Nuclear Power Plan (FDNPP) accident, respectively. Accordingly, it was found that 
the clay minerals in paddy soils interacted with radionuclides of I, Cs, Sr, etc., 
especially Cs and K  were adsorbed in the interlayer sites of 7 Å clay minerals 
(kaolinite), which could have a function to alleviate the radioactivity from 
radionuclides of Cs and K hazardous to bacteria.  
In the real life, there is a huge concern about the possibility of water resource 
development as well as food production boost in Dodoma region due to the new 
political guidance to strengthen the capital function of Dodoma city. The President 
of Tanzania, Mr. John P.J. Magufuli proclaimed in his speech (23rd July, 2016) that 
all the government offices and staff shall be transferred from Dar es Salaam to 
Dodoma and the functions of Dodoma city as the capital of Tanzania shall also be 




speech, I myself physically observed the preparation of transfer in several central 
government offices in Dar es Salaam and confirmed that this initiative could be 
rather enforcing than similar initiatives proclaimed by the past political leaders. If 
all the governmental offices and staff are to move to Dodoma city, the number of 
domestic migrants including staff and their families could be presumably more 
than 200,000 to 300,000, which would double the total number of population at 
Dodoma city to approximately 500,000 to 600,000 estimated based on National 
Population Census (2012). If this really happens, the amount of water supply in 
Dodoma city needs to be improved and increased largely. However, it is reported 
that the existing water sources for Dodoma water supply at Mukutupora (30km 
north from the city) have reached their limitation and could be expanded their 
production anymore (JICA, 2013). Therefore, new water resources should be 
developed in the vicinity of Dodoma city while some politicians debated the 
possibility of water conveyance from Lake Victoria up to Dodoma city by travelling 
more than 500km. Bahi Swamp is located in the southern part of Mukutupora 
basin. From the hydrogeological points of view, the northern part of Bahi Swamp is 
the most promising area to be new water sources for Dodoma city water supply. 
However, as reported in this study, the water and soils in Bahi Swamp contains 
various radioactive substances and salts, which are potentially harmful to human 
health. Thus, there should be careful and distinct scientific research for 
comprehending the environmental conditions of Bahi Swamp in order to ensure 
safe and reliable water supply as well as the sustainable development of Bahi, 
Dodoma and further Tanzania.  
This is the first report revealing the ecology of microorganisms under high 
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